A new class of solutions describing the composition of compact stars has been proposed, assuming that the fluid distribution inside the star is anisotropic. This is achieved by assuming the appropriate metric potential and then solving Einstein's field equations using Karmarkar conditions [Karmarkar K. R., Proc. Indian Acad. Sci. 27 (1948) 56] to derive the expressions for star density, the radial and tangential pressures in terms of the constants A, B, a paramter 'a' and the curvature parameter R. The equations thus obtained have been passed through rigorous conditional analysis. It is further shown that the model is physically viable and mathematically well-behaved, fulfilling the requisite conditions viz., regularity condition, strong energy condition, causality condition, etc. Observed star candidates including EXO 1785-248, SMC X-1, SAXJ1808.43658(SS2), HER X-1, 4U 1538-52, Cen X-3 and LMC X-4 were found to conform to a good approximation through the outcome of this model for a=0.5.
Introduction
The perusal of interior solutions of Einstein's field equations plays an imperative role in predicting the nature of the star in the final stages of evolution, when the star eventually devolves into an extremely dense, compact astrophysical body. Ruderman (1972) and Canuto (1974) proposed that the pressure inside highly compact objects shows anisotropy in nature; in essence, it has been categorized into two components: one is radial pressure p r and the other is transverse pressure p t orthogonal to the former. ∆ = p t − p r is known as an anisotropic factor and 2∆ r is an anisotropic force, which can be attractive or repulsive. Bowers and Liang (1974) documented a paper on the study of the anisotropic distribution of matter, accruing worldwide recognition and acceptance, leading to a major influx of academicians in the field. Anisotropy can be exposed due to the existence of, but not limited to, solid stellar core or through phase transitions, pion condensation in a star (R. F Sawyer (1972) ) and the presence of type III-A super fluids (A. I Sokolov (1980) ). Rotation and electromagnetic fields contribute to the said anisotropy. Through Herrera and Santos (1997) , the effect of pressure-based anisotropy has been studied in detail. An anisotropic model has been studied by using uniform matter density by Maharaj and Marteens (1989) . The role of the local pressure anisotropy was studied in detail by Chan et al (1993) . The paper elaborated on how small anisotropies might cause a drastic change in the stability of the system. Some anisotropic compact star models are obtained which admit conformal motion. A new class of interior solutions for anisotropic stars (Bharet al (2015) ) are obtained by choosing a particular density distribution function of Lorentzian type as showcased by Nozari (2009) and Mehdipour (2012) which admits conformal motion in higher-dimensional non commutative spacetime.
Some researchers (Lai and Xu (2009) ) obtained the anisotropic compact star model to establish a relation between theory and observations. A model of a relativistic, anisotropic neutron star model at high densities as described by Heintzmann and Hillebrandt (1975) employed several simple assumptions and have shown that for an arbitrary large anisotropy there is no limiting mass for compact stars, albeit the maximum mass of a compact star is still limited to 3-4 M ⊙ . Sharma et al (2001) assumed a theoretical possibility of generating an anisotropy in strange stars, with densities greater than that of neutron stars but less than that of black holes. Lai and Xu (2009) proposed that the anisotropic equations of state are stiffer than the conventional realistic models, i.e., the bag model.
Precise solutions corresponding to statically spherically symmetric anisotropic matter distributions have been studied and developed by Bayin (1982) ; K.D. Krori et al (1984) ; W. Barreto et al (1993) ; H. Bondi et al (1993) In the framework of a polytropic model, it is shown that a very low massive compact star can also exist and be still gravitationally stable even if the polytropic index 'n' is greater than three. The properties of neutron stars depend on the assumed description of the matter in their interiors. Azam et al (2016) studied the aforementioned behavior and the physical properties of numerous compact objects. Alcock et al (1986) and Haensel et al (1986) proposed a general scheme for compact astrophysical objects which are not composed of neutron matter, however, the interior density is known to be extremely high. The Randall-Sundrum (RS) model (Randall and Sundrum (1999) ) is standing on the concept that our 4-dimensional spacetime is a hypersurface embedded into another 5-dimensional hypersurface. After their work on Brane theory, the study on embedding spacetime drew an ever-increasing number. If an n dimensional space V can be embedded in (n+k)-dimensional space, where k is a minimum number of extra dimensions, then V n is said to be of embedding class k of n-dimensional space. Two very well-known important solutions, e.g. Schwarzschild's interior solutions and Friedmann universe are of class I, (so, in this case, k=1), on the other hand, Schwarzschild exterior solution is of class II (k=2) and the Kerr metric (as given by R.P Kerr (1963) ) is of class V (k=5). The Karmarkar condition relates to class one spacetime. Pandey and Sharma (1981) presented that the Karmarkar condition is only a necessary condition for spacetime representing class I. Sharma and Ratanpal (2013) described a quadratic equation of state in Finch Skea spacetime, a sub-class of the model described subsequently by Pandya et al (2015) . A comprehensive report of compact stars on pseudo spheroidal spacetime compatible with observational data was provided by Thomas and Pandya (2015) .
A further requirement has to be imposed for the sufficiency of the Karmarkar conditions for providing a better insight regarding the topic of the derivation of the Karmarkar (1948) .
Both uncharged and charged star model of embedding class I spacetime is extensively studied in numerous ways by Kuchowicz (1972) , Bhar et al (2016) , Ratanpal et al (2016) and Thomas and Pandya (2017) .
The paper has been structured as follows: the basic field equations have been discussed in Section 2. In Section 3 we have given a short discussion about embedding class I spacetime and also obtained a new model. In the next section, we match our interior space-time with the exterior Schwarzschild line element. Whether a model is physically acceptable or not is a question of prime importance in physics, and we have discussed that in Sections 5 and 6. The graphs obtained as a consequence have also been described, with a discussion about the model and its further implications being discussed in Section 7.
Basic Field Equations
The interior of static spherically symmetric spacetime in standard co-ordinate χ a = (t, r, θ, φ) is described by the following line element:
where λ and ν are the functions of the radial co-ordinate r. The Einstein field equation is,
Here, G ij is Einstein's tensor, having the form:
where R ij , R and g ij are the Ricci tensors and Ricci scalar and metric tensor respectively.
T ij is the energy-momentum tensor of the underlying fluid distribution. Let us assume that the matter involved in the distribution is anisotropic, by using the general expression, we, therefore, get the expression for energy-momentum tensor as follows:
With v µ v ξ = 1 = −χ ξ χ µ , χ ξ is the unit space-like vector and υ µ is the fluid-4 velocity of the rest frame and therefore υ µ χ ξ = 0. The above formula gives the components of the energy-momentum tensor of an anisotropic fluid at any point in terms of the density ρ, the anisotropic radial and transverse pressures p r and p t respectively. With the simple form of a line element, T µ ξ takes the form:
And
Using (5) in (1), we get (2) as:
where differentiation with respect to r is denoted by ′ and we have chosen G=c=1. Here G is the gravitational constant and c is the speed of light. The gravitational mass in a sphere of radius r is given by,
In the following sections, we will, using the field equations as a framework, solve equations (6)- (8) and obtain a physically valid model for compact stars. Based on physical requirements, regularity conditions and stability, we prescribe bounds on the model parameters, hence our model is compatible with mass and radii of other compact stars.
The Model
In accordance with the aforementioned field equations, it can be seen that we have been given three field equations for five unknown functions: e ν , e λ , ρ, p r , and p t . Hence, to generate an acceptable model of a compact star, we may choose any two of them, and for the model to be a physically realistic model, several physical conditions have to be satisfied by our present model. To generate a particular model of a compact star, let us assume that the co-efficient of dr 2 , i.e., g rr has the following form:
where 'a' is a parameter. Now using the relation between the mass function and the metric potential, we have :
Where m(r) is the mass function of the compact star in equation. The mass function of the star is obtained from equations (10) and (11) as,
The metric potential that we employ in this paper gives a mass function that is monotonically increasing in nature and regular at the center of the compact star [m(r) (r=0) = 0]. At the same time, it provides a matter density that gives an acknowledgment of monotonically decreasing nature and gives a finite value at the center of the compact star. Hence, our chosen metric potential is physically reasonable. Now, a symmetric tensor b µν of a 4-dimensional Riemannian space satisfying the Gauss and Codazzi equations is written as :
can be embedded in 5-dimensional Pseudo-Euclidean space, where (;) represents covariant derivatives and takes the value corresponding to -1 or +1 depending upon the normal to the manifold being time-like or space-like respectively. Concerning the line element given in
(1), the non-zero components of the Riemann curvature tensor can be given as (14), we get:
With R 2323 = 0 (Pandey and Sharma (1981) ). The space-time that satisfies the condition (equation (15)) corresponds with the space-time of embedding class I.
For the condition above, the line element (equation (1)) gives the following differential equation:
with e λ = 1. Solving equation (16) we get,
Where A and B are constants which are derived after applying necessary conditions. By using equations (16) and (17), from equations (7) and (8), we obtain the pressure
Once we have the expressions for the metric potential, we can substitute e ν , e λ into the field equations (6)- (8) to obtain the equations for matter density ρ, radial pressure p r , tangential pressure p t , and the resultant anisotropy ∆ :
Next in Section 4, we shall utilise the boundary conditions for the given metric potential with Schwarzchild's exterior solution to find constants A, B and 'a'.
Boundary Conditions
In this section we match our interior spacetime to the Schwarzchild exterior solution:
At the boundary r = ψ (ψ is radius of star), r being the distance from the center of the star to a point inside or on the star's surface, and therefore, it is obvious that ψ > 2M, where M being mass of dense star considering it as black hole. Now,
Upon considering Schwarzchild exterior metric across the boundary, r = ψ:
Determining feasible values of geometric parameter R and mass M from equations (24) and (25) in terms of ψ, we get:
Now, comparing coefficients of dr 2 and dt 2 in Schwarzchild exterior metric and interior spherical spacetime metric,
At r = 0, p r should be equal to 0. Therefore, from equation (20), we have:
Therefore, from equation (30), we get:
Now, from equations (28) and (29),
On substituting the value of B as obtained in equation (31), we get,
Solving equations (31) and (33),
Thus, substituting A and B in equations (20), (21) and (22), we get,
Verification of Physical Parameters
To verify that the model is physically legitimate, we take into account the conditions set by Kuchowicz (1972) , Buchdahl (1979) , Murad and Fatema (2015) and Knutsen (1987) :
Regularity of metric potential
In our metric, at r = 0, e λ = 1 and e ν = A 2 which are positive constants and,
Clearly from above equations (38) and (39) ′ (r=0) = 0 suggest that metric coefficients are regular at r = 0.
Radial Pressure at the Boundary
The value of p r should be equal to zero at r = ψ. In equation (35), the value of p r at r = ψ is zero. This, along with Fig.2 elucidates the fact that this condition is satisfied.
Energy conditions
The left hand expression for strong energy condition is obtained as:
Where
The verification for this condition is being done in Table 1 and Fig. 7 .
(ii) ρ ≥ p r , ρ ≥ p t (Weak energy condition)
The weak energy indicates that ρ − p r ≥ 0 and ρ − p t ≥ 0. The equations associated with the weak energy conditions are thus obtained as:
and r 2 6 1 + a 2 R 2 − ψ 2 + 4 1 + a 2 R 2 3 1 + a 2 R 2 − ψ 2 + r 4
respectively The equations (41) and (42) obtained above satisfy the conditions as elucidated in Table   ( 1), since the strong energy condition yields a positive value, indicating that ρ is greater than both p r and p t . In Table 1 we have calculated the values of strong energy condition for various stars at the boundary (r = ψ) and at the center (r = 0) which is one of the requisite conditions to justify the model's description of a physically realistic stars.
Monotone Decrease of Physical Parameters
The conditions for monotone decrease of physical parameters are as listed below:
≤ 0, and dpt dr ≤ 0 for 0 ≤ r ≤ ψ.
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The respective equations for the parameters mentioned above are obtained as:
8π dp r dr = 2(r(r
and 8π dp t dr
where φ(r) is,
Due to the complexity of expressions in the right-hand side of equations (44) and (45), it is difficult to obtain the sign of the terms in their right-hand side. This becomes clearer in Figs.11 and 12 provided below, elucidating the physical ramifications of the equations obtained above, and in the process, satisfying the conditions of monotone decrease.
Pressure anisotropy
The difference between radial and tangential pressure should be zero at center of compact star. This condition suggests that at single point the pressure components would be equal. ∆ (r=0) = 0 where ∆ is anisotropy of the star. Substituting r = 0 in equation (37), we find that the condition holds good for this model. This is also verified in Fig. 4 .
Mass-radius relation
According to Buchdahl (1979) , the allowable mass radius relation must satisfy the inequality,
We choose the appropriate compact star such that this condition is satisfied, as seen in Table 2 .
Redshift
The redshift z = e −ν 2 − 1 must be a decreasing function of r and finite for 0 ≤ z ≤ 5, as given by C.G. Bhmer et al (2006) :
While the condition cannot be discerned immediately from the equation above, it is satisfied in the graphs, as shown in Fig 9 .
In Table 2 , we have given the values of red-shift (which is related to the stability of a relativistic anisotropic stellar configuration), for different realistic stars. The value of the red-shift remains less than 5 as shown.
Stability Conditions
The values for the radial speed of sound waves ( dpr dρ ) (denoted by υ 2 r ) and transverse speed of sound waves ( dpt dρ ) (denoted by υ 2 t ) between r = 0 and r = ψ for different stars have been calculated exhaustively and mentioned in Table 3 , and found to comply with the requirement. These velocities are higher in magnitude in more compact stars, the expressions for which are calculated in Subsection 5.9
(ii) Γ r = ρ+pr pr dpr dρ
(Relativistic adiabatic index)
For a relativistically stable stellar model, the adiabatic index stated must be greater than 1.3333... in the prescribed range 0 ≤ r ≤ ψ. The conditional testing and validation is shown in Table 2 , and Fig.8 . Table 2 : Red-shift, adiabatic index and Buchdahl Ratio for various stars at r = ψ and r = 0: 
Variation of Physical Parameters
The variation of density ρ with respect to the radial variable r is given as shown in equation (43). Since dρ dr ≤ 0, for 0 ≤ r ≤ ψ, the density distribution decreases radially outward. To fulfill Herrera's stability condition (L.Herrera (1992)), we calculate the radial and transverse velocity expressions as
where
The radial and transverse speeds of sound waves υ r and υ t are plotted against r in Fig.5 and 6 respectively. 
Physical Analysis
In order to examine the compatibility of the model with observational data, we assumed the metric potential in the form e λ = 1 +
, where a = 0.5; and considered known strange star candidates viz., EXO 1785-248, SMC X-1, SAX J1808, Her X-1, 4U 1538, Cen X-3, LMC X-4 (Gangopadhyay et al (2013) and zel and Gver (2009) ). By choosing the mass M and radius ψ of the respective star, using equation (27), the value of the corresponding geometric (curvature) parameter R is obtained in Table 4 , along with the corresponding central and surface densities. Considering speed of light, c to be 299792 km s −1 and value of universal Gravitational constant, G to be 6.67430 · 10 −20 km
Using values of ψ and R from Table 4 , variations of physical parameters of different stars are plotted, with ρ, p r and p t having a unit of MeV fm − 3. In Fig.1 , 2 and 3, we have shown variation of the matter density ρ, radial pressure p r and transverse pressure p t respectively against radial parameter r, all of which are monotonically decreasing functions.
The measure of anisotropy, ∆ is plotted in Fig.4 . We can see that for every individual star, value of ∆ > 0 for 0 < r ≤ ψ . The positive nature of ∆ offers a repulsive force which helps to hold the model against the collapse due to gravity. Also, at r = 0, ∆ = 0, which is achieved for all stars throughout the distribution.
As the value of Γ r decreases, stars become less stable as their compactness increases. In Fig.9 , variation of red-shift z = √ e −ν(r) − 1 is plotted, which is a decreasing function of r.
Stars with more compactness demosntrates more redshift. of an EOS is essentially governed by the physical laws of the system, parametric relations of the energy-density and the radial pressure from the mathematical model may be useful in predicting the composition of the system. The EOS here exhibits linear behaviour, which implies that radial pressure and density expand at a uniform proportion throughout the star. An intriguing characteristic of this class of solutions is that the EOS can be applied to strange stars with quark matter. Another salient feature of the model is that the EOS was found to be linear without apriori assumptions of a linear nature.
Discussion
Based on the aforementioned Karmarkar conditions, we have generated 
